The alloxanized rabbit fed cholesterol develops extreme hyperlipemia and hypercholesteremla and yet develops a lesser degree of atherosclerosis than does the normal animal fed cholesterol. The concentrations of the Sf 12-30 and Sf 20-30 classes of lipoproteins correlate well with atherosclerosis as finally observed in the alloxanized rabbit, whereas both free and total serum cholesterol correlate negatively with atherosclerosis. In the alloxan-diabetic rabbit, the serum cholesterol is principally carried in the Sf 80-100 and greater classes of lipoproteins, and a metabolic block in the conversion of these lipoproteins to those of Sf 40 and less can be demonstrated.
U 'SING THE analytic ultracentrifuge, Gofman and co-workers" 2 have identified several classes of giant, cholesterol-bearing lipoproteins in the serum of humans, rabbits, and other animals. One class of these molecules, designated as the Sf 10-20 class,* has been correlated with atherosclerosis in humans,3 and a corresponding Sf 10-30 class has been observed to be associated with atherosclerosis in the rabbit.
A normal rabbit has a negligible concentration of all of these classes of lipoproteins in its serum, with the exception of the Sf 3-12 class. A small quantity of lipoproteins of this class has been found in every normal rabbit studied.
As a normal rabbit is fed cholesterol, the lipoproteins of the Sf 3-12 class increase progressively in concentration until a critical This work was supported in part by the U. S. Public Health Service and the U. S. Atomic Energy Commission.
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* One Sf unit represents a flotation rate of 1 X 10 3 cm. per second per dyne per Gm in a sodium chloride solution of density 1.063 Gm per cc. at 26 C. The lipoproteins were previously isolated from other serum proteins (and high density lipoproteins) by a preparative ultracentrifuge. Spinco Model L and Model E ultracentrifuges were used. 401 value is reached (which varies from rabbit to rabbit). At this time lipoproteins of successively higher Sf class begin to appear; for instance, the Sf 12-20 class appears in the serum, and after a critical concentration of this class is achieved, the Sf 20-30 class begins to appear." 3 Finally, the entire spectrum of lipoproteins is present in large quantity from chylomicrons (approximately Sf 40,000) to the original Sf 3-12 class. Naturally, these divisions of the spectrum of lipoproteins are necessarily arbitrary.
In the original reports by Gofman and associates the Sf 10-30 and Sf 3-10 classes were evaluated as to their relationship with atherosclerosis in the rabbit. Since that time a few normal rabbits have been found whose lipoproteins possess an Sf value of 10. In order to exclude these normally occurring lipoproteins from those developing in the rabbit following cholesterol feeding or other experimental procedures, this normal class will be denoted as the Sf 3-12 class, and consequently in the Sf 12 and greater classes of molecules, no overlap will be obtained with these normally occurring lipoproteins.
Duff and McMillan4 and Duff and Payne5 have pointed out the extreme turbidity and the marked elevation of serum cholesterol in the alloxan-diabetic rabbit fed cholesterol, and they have shown further that atherosclerosis is inhibited in spite of this elevation of cholesterol. This observation invites investigation of experimental atherosclerosis in these animals Circulation, Volume V, March, 1952 that appear to be partly immune to the atherogenicity of elevated serum cholesterol levels.
METHODS
Adult rabbits of both sexes of the New Zealand White strain were used. The animals weighed between 2.0 and 3.0 Kg. at the start of the experiment and received a diet of Albers "Family Style" rabbit pellets and water given ad libitum.
Alloxan monohydrate (Eastman Kodak Co.) was administered intravenously, using a single dose of 200 mg. per kilogram of a 5 per cent aqueous solution. Fifteen cc. of a 15 per cent solution of glucose in water were given subcutaneously at the end of the alloxan administration, and every four hours thereafter for four subsequent injections. The glucose was necessary to counteract the acute and transient hypoglycemia following alloxan administration. Thirty rabbits were alloxanized in this fashion, and two weeks elapsed before cholesterol feeding was begun. At the end of this two week period, 18 animals had survived, all except two with elevated blood glucose levels in the range of 300 to 600 ing. per 100 cc.
Control blood specimens were obtained at this time, and cholesterol feeding was begun. The cholesterol was dissolved in Wesson oil (1 Gm. in 8 cc.) by gentle heating, and mixed with rabbit food to make a 1 per cent cholesterol-containing mixture. The rabbits were given this food ad libitum and continued on it until the end of the experiment.
Blood specimens were obtained every two weeks and analyzed for sugar by the Folin-Wu method, for free and total cholesterol* by a modification of the Schoenheimer-Sperry method, and for lipoproteins by the ultracentrifugal methods described by Gofman and his co-workers. of the transient lipemia and hypercholesteremia produced by acute alloxan toxicity. This lipemia has been investigated by Duff and Wilson6 and Payne and Duff,7 who reported it to disappear in three to six weeks in most rabbits. These authors followed alloxanized rabbits on a normal diet for periods as long as one year and report that no atherosclerosis was observed during that time. Since these control data were obtained two weeks after the administration of alloxan, table 1 illustrates the classes of lipoproteins produced by this drug which reflect the transient hyperlipemia and hypercholesteremia. Table 2 shows the levels of the various classes of serum lipoproteins, cholesterol, and glucose in the alloxanized rabbit fed cholesterol, as well as the degree of atherosclerosis present at the termination of the experiment. Each figure in this table represents the mean of the five readings obtained at two week intervals for the 11 week period of study. The levels of lipoproteins remained relatively constant during the period of 2 to 10 weeks cholesterol feeding. The original control readings were not included, and in this way the mean levels of the various classes of lipoproteins and cholesterol during the period of atherogenesis are presented.
Two animals died* during the 11 week period of cholesterol feeding, and these are excluded from this series. Three animals became alloxan-resistant, and it is interesting to note that these animals all developed severe atherosclerosis. In the remaining 13 animals with persistent hyperglycemia, a range of atherosclerosis from 0 to 5 plus was observed. Tests of the relationship of atherosclerosis to lipoproteins or cholesterol were made for the 16 animals which survived the 11 week period of cholesterol feeding. Table 3 194  213  559  106  202  212  361  597  499  215  178  343  328  180  158   326   343  433  755  345  143  94  667  196  502  537  284  715  387  746  105  264   1010  1463  1842  793  260  159  1664  464  1137  1228  904  1936  1183  1663  135  772   1540  2204  2525  1048  541  316  2277  746  1742  1540  1465  2358  1815  1932  202  1243   667  1030  1087  448  117  65  997  268  635  691  620  1221  796  917   30  508   1197  1771  1770  703  398  222  1610  550  1240  1003  1181  1643  1428  1186  97  979   530  741  683  255  281  157  613  282  605  312  561  422  632  269  67  471   1652  1808  1410  651  1133  1148  1254  1433  1883  497  1489  1307  1817  818  167  1714   1146  1010  752  395  3175  2257  669  3597   1870  191  1069  719  852  735  587  1012   598  592  449  310  3864  2794  400  3586  963  97  728  447  532  469  614 It can also be seen that the normally occurring Sf 3-12 class of lipoproteins has no significant correlation with atherosclerosis, while the classes of molecules between Sf 100-400 show a significant negative correlation with atherosclerosis. This latter observation had been anticipated since those rabbits with cholesterol is carried principally in Sf classes of molecules above 100, and since the data presented herein indicate that these molecules are not associated with the atherosclerosis process, these animals have high serum cholesterol levels and little atherosclerosis.
Experimental work along other lines in this laboratory suggests that molecules of very large flotation rates, including chylomicrons, are progressively transformed into molecules of successively lower Sf rates until the normally present Sf 3-12 class is reached. It would appear that alloxanized animals have a metabolic block which slows progressive transformations of the lipoproteins, and that this block is such that it produces an accumulation of molecules mostly above Sf 100 in table were calculated  froin table 2. lesser degrees of atherosclerosis tend to have the most turbid serum, and molecules of Sf species above 80-100 are intensely light scattering. The presence of these classes of molecules, therefore, is associated with marked visual lipemia. In these animals the free and total cholesterol values correlate negatively with atherosclerosis. The final cholesterol levels in several of these animals exceeded 10,000 mg. per 100 cc., and it is of interest to determine in what classes of lipoproteins this immense amount of cholesterol is to be found. The correlations between total serum cholesterol and Sf 100-400 class of lipoproteins are very high, while with the Sf 12-20 and Sf 20-30 classes, cholesterol is negatively correlated. Apparently then, in the alloxan-diabetic rabbit fed cholesterol, full speed (52,640 revolutions per minute). Consequently, the Sf markings in these patterns can be used on corresponding frames in the other patterns. In these patterns the lipoproteins of 5 cc. serum were concentrated into 1 cc. by preparative ultracentrifugation and then analyzed in the ultracentrifuge as described above. The solid line drawn in on the top patterns of each photograph represents the baseline of an equivalent salt solution, and the area between this line and the pattern is proportional to the quantity of any class of lipoproteins being measured.
B. Ultracentrifugal flotation pattern in a normal rabbit fed cholesterol and Wesson oil for two weeks. Total serum cholesterol at this time was 1536 mg. per 100 cc. Note the high concentration of Sf 12-30 lipoproteins in this animal. In this pattern the lipoproteins from 2 cc. serum were concentrated into 1 cc. by preparative ultracentrifugation and then analyzed in the ultracentrifuge.
C. Ultracentrifugal flotation pattern in two alloxan-diabetic rabbits fed cholesterol and Wesson oil for 10 weeks. The serum cholesterol at this time was 7440 mg. per 100 cc. in the animal represented by the top pattern, and 10,120 mg. per 100 cc. in the animal represented by the bottom pattern. The turbidity boundary seen in the Sf 80 region reflects the enormous quantities of lipoproteins above this flotation rate in the serum. Note in both patterns the very low concentration of Sf 12-30 lipoproteins, in marked contrast to the normal rabbit fed cholesterol (pattern B). In these patterns the lipoproteins from 0.5 cc. of serum were concentrated into 1 cc. by preparative ultracentrifugation and then analyzed in the ultracentrifuge as described above.
The normal rabbit when fed cholesterol develops a hypercholesteremia, and the extra burden of serum cholesterol is mainly carried in the Sf 12-30 classes." 3 This is the explanation for the general association of hypercholesteremia with atherosclerosis in the rabbit.
teins above Sf 100. Much smaller amounts of the Sf 12-30 class, which is correlated with the atherosclerotic tendency, are present.
Nine normal rabbits were placed on the cholesterol-Wesson oil diet for periods of 4 to 11 weeks. Two animals were sacrificed at four weeks, two at six weeks, two at eight weeks, and three at 11 weeks, and the degree of atherosclerosis determined. Table 4 shows the results obtained from this group of animals. It can be seen that all animals on this diet for six weeks or longer showed severe atherosclerosis (4 to 5 plus) while minimal to moderate (1 to 2 plus) atherosclerosis was present in four weeks. This substantiates the resistance to atherosclerosis of the alloxandiabetic rabbit as reported by Duff and coworkers. At the end of 11 weeks many of the alloxan-diabetic animals showed only minimal atherosclerosis, while at six weeks all normal animals showed severe atherosclerosis on this diet. Figure 1 portrays the ultracentrifugal patterns in a normal rabbit, a normal rabbit fed cholesterol, and an alloxan-diabetic rabbit fed cholesterol. The 5. The high correlation between total serum cholesterol and lipoproteins of Sf greater than 100 in the alloxanized rabbit, together with the high proportion of cholesterol transported in this form, provides an explanation of the observed lack of positive correlation between serum cholesterol and atherosclerosis. 6 . Molecules above Sf 100 are intensely light scattering and, since they are generally in high concentration in the serum of the alloxanized rabbit fed cholesterol, the extreme turbidity observed is to be anticipated. 7. The alloxan diabetic animal would appear to have a metabolic block in the conversion of lipoproteins of Sf 80-100 and above into lipoproteins of lower Sf classes.
